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[57] ABSTRACT

An aromatic polycarboxylic acid is produced by oxida-
tion of an alkyl-substituted aromatic aldehyde or car-
boxyLic acid with molecular oxygen in water as a sol-
vent 1 the presence of bromine ions or further together
with heavy metal ions as a catalyst in a reactor using a
zirconium material whose surface is coated with an
oxide layer as a material of construction. The oxidation
can be carried out in high yield without corrosion of the
material of construction.

10 Claims, No Drawings
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PROCESS FOR PRODUCING AROMATIC
POLYCARBOXYLIC ACID

BACKGROUND OT THE INVENTION

The present invention relates to a process for produc-
ing an aromatic polycarboxylic acid by oxidizing a
corresponding polyalkyl-substituted aromatic aldehyde
or a polyalkyl-substituted carboxylic acid in water as a
solvent 1n the presence of a bromine 1on-containing
catalyst.

Among aromatic polycarboxylic acids, terephthalic
acid 1s used as raw materials for synthetic fibers and
synthetic resin, trimellitic acid 1s widely used as raw
materials for alkyd resin, high grade piasticizer and
polyester, and pyromellitic acid 1s used as raw materials
for special plasticizer, polyamide and polyimide.

The so far well known processes for producing aro-
matic polycarboxylic acids include a process for pro-
ducing terephthalic acid by oxidizing p-xylene with air
in an acetic acid as a solvent 1n the presence of a cobalt-
manganese-bromine catalyst, a process for producing
trimeliitic acid by oxidizing pseudocumene in the same
manner as in the said process for producing terephthalic
acid, or by oxidizing pseudocumene with nitric acid,
and a process for producing pyromellitic acid by oxidiz-
ing a polyalkyl-substituted benzene such as durene,
trimethyhsopropylbenzene, etc. in a gaseous phase or
with nitric acid.

As a result of extensive studies of a process for eco-
nomically producing aromatic polycarboxylic acids
such as trimellitic acid, pyromeliitic acid, etc., the pres-
ent inventors found that aromatic polycarboxylic acids
could be obtained easily in high yields in one step by
oxidizing the corresponding polyalkyl-substituted aro-
matic aldehydes or polyalkyl-substituted aromatic car-
boxylic acids with molecular oxygen in water as a sol-
vent in the presence of bromine ions and metal ions of
manganese, cerium, etc., as already disclosed in Japa-
nese Patent Application Kokai
26839/81, but the prior process is an improved advanta-
geous oxidation process free from the disadvantages of
the conventional processes, but still has such a disad-
vantage as a high corrosiveness due to a reaction condi-
tion involving bromine ions and molecular oxygen at a
high temperature.

On the other hand, Japanese Patent Application
Kokai (I.aid-Open) No. 125631/79 discloses a process
for producing terephthalic acid by oxidizing p-tolualde-
hyde in water as a solvent in the presence of bromine
10ns In a reactor using zirconium as a material of con-
struction, which still has a risk of occurrence of corro-
sion at an elevated reaction temperature, or under an
elevated oxygen partial pressure or at an elevated con-
centration of Br— as the catalyst, particularly at an
elevated HBr concentration, where 1t has been found
that the corrosion is not a general corrosion occurring
on the entire surface of liquid-contact parts of the mate-
rial of construction, but a local corrosion such as pitting
corrosion, intercrystalline corrosion, etc.

Generally, the pitting corrosion is characteristic of
very small cross-sectional area of corrosion and of cor-
rosion advancing deeply in a material, and thus hassuch
a risk that a pitting hole penetrates a matenal as the
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corrosion i1s very small. Particularly in the case of using
a corrosion resistant material in a pressure vessel as in
the present invention, the ordinary corrosion resistant
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material having a thickness of several millimeters on
average 1s used as a lining material or cladding material
to a low grade substratum material such as carbon steel,
and thus occurrence of pitting corrosion must be com-
pletely prevented, 1f a possible accident due to the oc-
currence and the successive advance of a local corro-
sion 1s taken 1nto account. |

As a result of further studies of a material for a reac-
tor for producing an aromatic polycarboxylic acid with-
out any risk of such local corrosion and of corrosion
tests of zirconium under expected oxidation reaction
conditions, the present inventors have found that the
occurrence of corrosion can be considerably reduced or
prevented by using zirconium whose surface is coated
with an oxide layer as a material of construction for the
reactor, and have established the present invention.

SUMMARY OF THE INVENTION

The present invention provides a process for produc-
Ing an aromatic polycarboxvlic acid by oxidizing an
alkyl-substituted aromatic aldehyde or alkyl-substituted
aromatic carboxylic acid with molecular oxygen in
water as a solvent in the presence of bromine ions or
bromine 10ns and heavy metal ions as a catalyst, which
comprises conducting the oxidation in a reactor using a
zirconium material whose surface is coated with an
oxide layer as a material of construction.

The zirconium material for use as a material of con-
struction in the present invention is zirconium and zir-
conium alloys including all so far commercially avail-
able zirconium materials and is preferably a zirconium
alloy containing at least 96% by weight of zirconium
and hafnium in total. The zirconium material is given an
oxide layer according to an appropriate method, for
example, by heating in air, by chemical oxidation treat-
ment, by heating in hot water, by electrochemical an-
odic oxidation, etc., and specific examples thereof 1n-
clude:

(1) treatment 1 a gas containing at least 2% by vol-
ume of oxygen at a temperature of 240° to 750° C.,
preferably 350° to 550° C., for 0.5 to 24 hours,

(11) treatment in an atmosphere adjusted to contain a
gas phase under an oxygen partial pressure of 0.1 to
1.5 kg/cm? in an agueous solution containing 0.2 to
2% by weight of hydrobromic acid and 1 to 4% by
weight of manganese bromide,

(111) treatment in an aqueous solution containing 10 to
61% by weight of nitric acid at a temperature of
100° to 200° C. for 1 to 24 hours,

(v) treatment in hot water at 350° C,, etc., whereby an
oxide layer having a thickness of at least 0.05 um,
preferably 0.05 to 5 um can be formed on the zirco-
nium material.

It 1s desirable before the said oxidation treatment to
polish the zirconium material in a wet or dry manner,
and then wash the material with an organic solvent such
as acetone, etc. to remove oily materials therefrom.

The reactor for use in the present invention. has the
sald zirconium material with the said specific composi-
tion as a material of construction, and it is not always
necessary that the reactor is wholly made from the
zirconium material, but it i1s necessary that at least the
inner wall of the reactor has a zirconium material hav-
ing a thickness large enough to withstand a mechanical
Erosion.

The alkyl-substituted aromatic aldehyde to be used as
the raw material in the oxidation reaction according to
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the present invention includes p-tolualdehyde, 2,4-
dimethylbenzaldehyde, 3,4-dimethylbenzaldehyde,
2.4,5-trimethylbenzaldehyde, 2,4,6-trimethylbenzalde-

hyde, etc., and the alkyl-substituted aromatic carboxylic .

acid includes toluic acid, 2,4-dimethylbenzoic acid,
3,4-dimethylbenzoic acid, 2,4,5-trimethylbenzoic acid,
2,4,6-trimethylbenzoic acid, etc. The bromine ion
source for use as the catalyst in the present invention
includes hydrogen bromide, ethyl bromide, sodium
bromide, etc., and also compounds capable of liberating
bromine 1ons under the reaction conditions. The metal
1on source for use as the catalyst in the present invention
includes compounds of heavy metals such as manga-
nese, cerium, etc. The amount of bromine ions as the
catalyst 1s 0.5 to 12% by weight, preferably 0.5 to 6%
by weight on the basis of water as the solvent. The
amount of the heavy metal ion as the catalyst is 0.1 to
1.5% by weight on the basis of water as the solvent.
Below 0.5% by weight of bromine ions, the amount of
the raw material alkyl-substituted aromatic aldehyde or

alkyl-substituted aromatic carboxylic acid burnt and

decomposed is increased, whereas above 12% by
weight the oxidation reaction will be suppressed.

In the present invention, oxidation reaction tempera-
ture is 180°-280° C., preferably 200°-260° C. Oxydation
reaction pressure is automatically set by keeping the
reaction temperature constant generally by evaporation
and condensation and refluxing operation of water as
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the solvent, but it is also possible to keep the oxidation

reaction pressure at a desired value by the external heat
exchanger. Any pressure can be applied so far as it is
within a pressure range in which the reaction solution
can be kept in a liquid phase, and usually a pressure
15-60 kg/cm? gage is used.

The amount of water for use as the solvent in the
present invention is at least two parts by weight, prefer-
ably 3 to 6 parts by weight, per part by weight of the
raw material alkyl-substituted aromatic aldehyde or
alkyl-substituted aromatic carboxylic acid.

The oxidation reaction can be carried out batchwise,
semi-continously, or continuously.

- According to the present invention, an aromatic

polycarboxylic acid can be produced in high yield in
water as a solvent in the presence of bromine ions as a
catalyst without any occurrence of corrosion such as
pitting corrosion, etc. on a material of construction for
a reactor.

PREFERRED EMBODIMENTS OF THE
INVENTION

EXAMPLE 1

Four pure metallic zirconium (purity 99.5 wt%)
pteces, each 50 mm long, 15 mm wide and 3 mm thick,
were made ready, and their surfaces polished with
Emery paper #400 in a wet manner, and then washed
with acetone. One of the pieces was heated in the atmo-
sphere 1n an electric furnace at a temperature of 250° C.
for 20 hours to form an oxide layer having a thickness of
0.1 wm on the surface. Another piece was dipped in an
aqueous solution containing 1.5% by weight of hydro-
bromic acid and 2% by weight of manganese bromide
in an autoclave and heated at a temperature of 180° C.
under the oxygen partial pressure of 3 kg/cm? in the gas
phase for 2 hours to form an oxide layer having a thick-
ness of 0.05 um on the surface. The third piece was

heated in an aqueous solution containing 10% by

weight of nitric acid at a temperature of 100° C. for 3
hours to form an oxide layer having a thickness of 0.05

30

35

45

50

60

65

4

pwm on the surface. The remaining piece was used as it

was after the said polishing and washing as a control
without any treatment..

These four test pieces were dipped in a model reac-

tion mixture consisting of 700 g of water, 300 g of tri-
mellitic acid, 18.63 g of hydrobromic acid, and 3.67 g of
manganese bromide in an autoclave, and heated at 220°
C. for 7 days, while passing air through the autoclave at
a flow rate of 400 1/hr by setting an autoclave pressure

to maintain the oxygen partial pressure of 5.2 kg/cm?in

the gas phase. Then, the dipped test pieces were ob-
served to investigate occurrence of pitting corrosion. It

was found that only the test piece without the oxidation
treatment as the control had slight pitting corrosion.

EXAMPLE 2

In the same manner as in Example 1, 4 pure metallic
zirconium (purity 99.5 wit%) pieces were made ready,

and their surfaces were polished with Emery paper
#400 in a wet manner, and washed with acetone. Then,

one of the pieces was heated in the atmosphere in an
electric furnace at 350° C. for 3 hours to coat the surface
with an oxide layer having a thickness of 0.25 um. An-
other piece was dipped in an aqueous solution contain-

ing 1.5% by weight of hydrobromic acid and 2% by '

weight of manganese bromide in an autoclave and

heated at 200° C. under an oxygen partial pressure of 1

kg/cm? in the gas phase for 6 hours to form an oxide

layer having a thickness of 0.06 um on the surface. The

third piece was heated in an agueous solution containing
30% by weight of nitric acid at 160° C. for 10 hours to
form an oxide layer having a thickness of 0.05 wm on
the surface. The remaining piece was used as it was after
the said polishing and washing as a control without any
treatment. These 4 test pieces were dipped in a model
reaction mixture consisting of 700 g of water, 300 g of

trimellitic acid, 23.62 g of hydrobromic acid, and 13.56

g of manganese bromide in an autoclave, and heated at
240° C. for 7 days, while passing air through the auto-
clave at a flow rate of 400 1/hr by setting an autoclave
pressure to maintain the oxygen partial pressure of 4.2

kg/cm? in the gas phase. Then, the dipped test pieces

were observed to investigate occurrence of pitting cor-
rosion. It was found that only the test piece without the
oxidation treatment as the control had slight pitting
COrTrosion.

EXAMPILE 3

In the same manner as in Example 1, 4 pure metallic -

zirconium (purity 99.5 wt%) pieces were made ready,
and their surfaces were polsihed with Emery paper
#400 in a wet manner and then washed with acetone.
Then, one of the pieces was heated in the atmosphere in

an electric furnace at 550° C. for one hour to coat the

surface with an oxide layer having a thickness of 0.25
um. Another ptece was dipped in an aqueous solution

containing 0.1% by weight of hydrobromic acid and

3.87% by weight of manganese bromide in an autoclave
and heated at 240° C. under the oxygen partial pressure

of 0.5 kg/cm? in the gas phase for 100 hours to form an

oxide layer having a thickness of 0.08 um on the sur-
face. The third piece was heated in an aqueous solution
containing 55% by weight of nitric acid at 200° C. for

144 hours to form an oxide layer having a thickness of

0.06 um on the surface. The remaining piece was used
as it was after the said polishing and washing as a con-
trol without any treatment. These 4 test pieces were
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dipped in a model reaction mixture consisting of 700 g
of water, 300 g of trimellitic acid, 33.15 g of hydro-
bromic acid and 58.59 g of manganese bromide and
heated at 260° C. in an autoclave for 7 days while pass-
ing air through the autoclave at a flow rate of 400 1/hr
by setting the autoclave pressure to maintain the oxygen
partial pressure of 3.5 kg/cm? in the gas phase. The
dipped test pieces were observed to investigate occur-
rence of pitting corrosion. It was found that only the
test ptece without the oxidation treatment as the control
had distinct pitting corrosion.

EXAMPLE 4

In the same manner as in Exampie 1, 4 zirconium
alloy pieces containing 1.6% by weight of Sn were
made ready, and their surfaces were polished with
Emery paper #400 in a wet manner, and washed with
acetone. Then, one of the pieces was heated in the atmo-
sphere 1n an electric furnace at 400° C. for 12 hours to
coat the surface with an oxide layer having a thickness
of 0.5 pum. Another piece was dipped in an agueous
solution containing 0.8% by weight of hydrobromic
acid and 3% by weight of manganese bromide in an
autoclave and heated at 220° C. under the oxygen par-
tial pressure of 1 kg/cm? in the gas phase for 8 hours to
form an oxide layer having a thickness of 0.07 um on
the surface. The third piece was heated in an aqueous
solution containing 409 by weight of nitric acid at 180°
C. for 70 hours to form an oxide layer having a thick-
ness of 0.06 um on the surface. The remaining piece was
used as it was after the said polishing and washing as a
control without any treatment. These 4 pieces were
dipped 1n a model reaction mixture consisting of 700 g
of water, 300 g of trimellitic acid, 11.81 g of hydro-
bromic acid and 13.56 g of manganese bromide and
heated at 230° C. in an autoclave for 7 days while pass-
ing air through the autoclave at a flow rate of 400 I/hr
by setting the autoclave pressure to maintain the oxygen
partial pressure of 3.5 kg/cm? in the gas phase. The
dipped test pieces were observed to investigate occur-
rence of pitting corrosion. It was found that only the
test piece without the oxidation treatment as the control
- had distinct pitting corrosion.

EXAMPLE 5

In the same manner as in Example 1, 4 zirconium
alloy pieces containing 2.5% by weight of Nb were
made ready, and their surfaces were polished with
Emery paper #400 in a wet manner and washed with
acetone. Then, one of the pieces was heated 1n the atmo-
sphere in an electric furnace at 300° C. for 10 hours to
form an oxide layer having a thickness of 0.15 um on
the surface. Another piece was dipped in an agueous
solution containing 1.5% by weight of hydrobromic
acid and 2% by weight of manganese bromide in an
autoclave, and heated at 180° C. under the oxygen par-
tial pressure of 2 kg/cm? in the gas phase for 4 hours to
form an oxide layer having a thickness of 0.05 um on
the surface. The third piece was heated 1 an aqueous
solution containing 20% by weight of nitric acid at 140°
C. for 8 hours to form an oxide layer having a thickness
of 0.05 um on the surface. The remaining piece was
used as 1t was after the said polishing and washing as a
control without any treatment. These 4 test pieces were
dipped in a model reaction mixture consisting of 700 g
of water, 300 g of trimellitic acid, 23.62 g of hydro-
bromic acid and 3.67 g of manganese bromide 1n an
autoclave, and heated at 230° C. for 7 days, while pass-
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ing air through the autoclave at a flow rate of 400 1/hr
by setting the autoclave pressure to maintain the oxygen
partial pressure of 3.8 kg/cm? in the gas phase. The
dipped test pieces were observed to investigate occur-
rence of pitting corrosion. It was found that only the
test piece as the control without the oxidation treatment
had a slight pitting corrosion.

EXAMPLE 6

In the same manner as in Example 1, 4 pure metallic
zirconium (purity 99.5 wt%) pieces were made ready,
and their surfaces were polished with Emery paper
#400 1n a wet manner and washed with acetone. Then,
one of the pieces was heated in the atmosphere in an
electric furnace at 350° C. for one hour to form an oxide
layer having a thickness of 0.25 um on the surface.
Another piece was dipped in an aqueous solution con-

taimning 1.5% by weight of hydrobromic acid and 2% by

weight of manganese bromide in an autoclave and
heated at 200" C. under the oxygen partial pressure of
1.0 kg/cm?in the gas phase for 6 hours to form an oxide
layer having a thickness of 0.06 um on the surface. The
third piece was heated in an aqueous solution containing
30% by weight of nitric acid at 160° C. for 10 hours to
form an oxide layer having a thickness of 0.05 um on
the surface. The remaining piece was used as it was after
the said polishing and washing as a control without any
treatment. These 4 test pieces were dipped in a model
reaction mixture consisting of 700 g of water, 300 g of
trimellitic acid and 20.8 g of hydrobromic acid in an
autoclave and heated at 220° C. for 7 days while passing
air through the autoclave at a flow rate of 400 1/hr by
setting the autoclave pressure to maintain the oxygen
partial pressure of 2.5 kg/cm? in the gas phase. The
dipped test pieces were observed to investigate occur-
rence of pitting corrosion. It was found that only the
test pieces as the control without the oxidation treat-
ment had slight pitting corrosion.

EXAMPLE 7

In the same manner as in Example 1, 4 zircomum

alloy pieces containing 1.6% by weight of Sn were

made ready, and their surfaces were polished with
Emery paper #400 in a wet manner and washed with
acetone. Then, one of the pieces was heated in the atmo-
sphere in an electric furnace at 300° C. for 3 hours to -
form an oxide layer having a thickness of 0.15 um on
the surface. Another piece was dipped in an agueous
solution containing 1.5% by weight of hydrobromic
acid and 2% by weight of manganese bromide in an
autoclave and heated at 180° C. under the oxygen par-
tial pressure of 2 kg/cm? in the gas phase for 4 hours to
form an oxide layer having a thickness of 0.05 um on
the surface. The third piece was heated in an aqueous
solution containing 20% by weight of nitric acid at 120°
C. for 6 hours to form an oxide layer having a thickness
of 0.05 um on the surface. The remaining piece was
used as 1t was after the said polishing and washing as a
control. These 4 test pieces were dipped in a model
reaction mixture consisting of 700 g of water, 300 g of
trimellitic acid and 20.8 g of hydrobromic acid in an
autoclave and heated at 220° C. for 7 days, while pass-
ing air through the autoclave at a flow rate of 400 1/hr
by setting the autoclave pressure to maintaining the
oxygen partial pressure of 2 kg/cm? in the gas phase.
‘The dipped test pieces were observed to investigate
occurrence of pitting corrosion. It was found that only
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the test piece as the control without the oxidation treat-

ment had slight pitting corrosion.

What is claimed 1s:

1. In a process for producing an aromatic polycarbox-
ylic acid by oxidizing an alkyl-substituted aromatic

aldehyde or an alkyl-substituted aromatic carboxylic

acid with molecular oxygen in water as a solvent in the
presence of bromine ions or bromine ions and heavy
metal 1ons as a catalyst, the improvement, which com-
prises conducting the oxidation in a reactor using
zirconium material whose surface is coated with an
oxide layer formed from the zirconium material having
a thickness of at least 0.05 um as a material of construc-

tion. .
2. The process according to claim 1, wherein the

zirconium material is zirconium or zirconium alloys.

a 10
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3. The process according to claim 2, wherein the

zirconium alloy is an alloy containing at least 969 by

weight of zirconium and hafnium in total.

4. The process according to claim 1, wherein the
oxide layer on the zirconium material is an oxide layer
formed by heating in air, chemical oxidation, heating in
hot water or electrochemical anodic oxidation.

5. The process according to claim 1, wherein the
oxide layer is formed by treating the zirconium material
with a gas containing at least 2% by volume of oxygen
at a temperature of 240° to 750° C. for 0.5 to 24 hours.

6. The process according to claim 1, wherein the
oxide layer is formed by treating the zirconium material
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8
with an atmosphere containing a gas phase under an
oxygen partial pressure of 0.1 to 1.5 kg/cm? in an aque-
ous solution containing 0.2 to 2% by weight of hydro-
bromic acid and 1 to 4% by weight of manganese bro-

mide.
7. The process according to claim 1, wherein the

oxide layer is formed by treating the zirconium material

with hot water at 350° C.
8. In a process tor producing an aromatic polycarbox-

ylic acid by oxidizing an alkyl-substituted aromatic
aldehyde or an alkyl-substituted aromatic carboxylic
acid with molecular oxygen in water as a solvent in the

presence of bromine ions or bromine ions and heavy

metal 10ns as a catalyst, the improvement which com-
prises conducting the oxidation in a reactor using a
zirconium material whose surface is coated with an
oxide layer formed from the zirconium material having
a thickness of at least 0.05 pum as a material of construc-
tion, wherein the oxide layer is formed by treating the
zirconium material with an aqueous solution containing
10 to 61% by weight of nitric acid at a temperature of
100° to 200° C. for 1 to 24 hours. |

9. The process according to claim 8, wherein the
zirconium material is zirconium or zirconium alloys.

10. The process according to claim 9, wherein the
zirconium alloy is an alloy containing at least 96% by

zirconium and hafnium in total.
* x # *® *
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